* We analyze the role of distance from a university in the decision to attend higher education in Germany. Students who live near a university can avoid moving and the increased living expenses by commuting. Thus, transaction cost arguments would suggest that the greater the distance to the nearest university, the lower the participation in higher education. We analyze this hypothesis by combining data from the German Socio-Economic Panel Study (SOEP) with a database from the German Rectors' Conference on university postal codes. Based on a discrete time hazard rate model we show that distance to the next university at the time of completing high school significantly affects the decision to enrol in tertiary education. Controlling for many other socio-economic and regional variables, we find that 1 kilometre distance decreases the probability to enrol in higher education by 0.2-0.3 percentage points.
Introduction
While the effects of many different socio-economic background variables and financial incentives on educational attainment have been widely researched, we still know relatively little about whether and how regional factors affect educational decisions. This is surprising, as policy makers usually assume-either implicitly or explicitly-that the existence of an educational infrastructure and thus the accessibility to education are important determinants in a country's educational outcomes. The accessibility of education is influenced at least by two factors, (i) individual financial resources and (ii) distance. Thus, the closer learning opportunities are, the better the access to further education.
In this contribution we focus on the individual decision to attend higher education, and the role of distance to higher education institutions, namely universities. There is a large body of literature concerning the transition to higher education, or the rationale behind the decision to participate in higher education. Many studies focus on the relationship between participation in higher education and individual socio-economic backgrounds. Typical findings are that the education of the parents, in particular the father, and household income increase the probability of a transition into higher education (see, among others, Acemoglu and Pischke 2001 and Shea, 2000) . Some studies on this relationship focus on special groups such as migrants (e.g., Gang and Zimmermann 2000) , or conduct cross-country comparisons, (e.g., Lauer 2003) . 1 Another strand of research deals with the role of economic incentives in determining the decision to attend higher education. This research focuses either on expected wages or other financial incentives such as student financial aid or tuition. For German studies in this context, see Lauer (2002a and b) , Baumgartner and Steiner (2006) , or Steiner and Wrohlich (2008) . The results of the study by Lauer (2002) suggest that financial constraints limit participation in higher education and that the participation decision is affected by return expectations in terms of labour market outcomes and by financial incentives such as student aid. Also Steiner and Wrohlich (2008) find a small (although significant) positive effect of student financial aid on the enrolment decision in Germany.
Given the variety and extent of research on this subject, it is remarkable that regional aspects play a minor role, if any, in economic analyses of the transition to higher education 2 . This is particularly true of economic analyses in Germany. In the sociology of education, in contrast, 3 there is a broad and long-lasting debate as to whether regional differences-in particular between rural and urban areas-play a role in explaining educational outcomes (for a current summary of the sociological literature on region and education, see for instance Sixt 2007 ).
Regional differences in this context are mainly measured by rural-urban dummy variables or population size variables. Such measures are used in Anglo-American studies by economists as well, who focus on the role of regional differences as a determinant of the choice to enrol in higher education (for instance, Kane and Spizmann 1994 or Christofides et al. 2001) .
Implicitly, these studies assume that rural areas are disadvantaged in the sense that institutions offering higher education, such as universities or colleges, are more difficult to reach, and thus less likely to be attended by individuals in rural areas or small towns. It is implicitly assumed that residents of urban areas are closer to universities or colleges than rural residents.
However, this is not necessarily the case, as some universities and colleges are easily accessible to nearby rural residents. Conversely, some mid-sized urban areas do not have any institutions of higher education at all. To our knowledge, there exist only a few nationwide representative Anglo-American studies that explicitly focus on the exact distance to higher education institutions.
3 Card (1995) uses a variable indicating the presence of a four-year college in one's local labour market during childhood as an instrument in estimating the returns to schooling in future years. To justify the use of college proximity as an instrument in studying the returns to schooling, Card shows that students who grew up in an area with a four-year college nearby ended up with about one more year of schooling on average. Based on nationwide representative household survey data for Canada and a database of university postal codes, Frenette (2004 and 2006) analyses the relationship between distance to school and university participation. He shows that students whose place of residence is farther away are less likely to attend university, and that students from lower-income families are particularly disadvantaged by distance (Frenette 2006) . Although there is a negative relationship between distance and participation in higher education for the distance to universities and colleges, this relationship is stronger for the distance to the nearest university (Frenette 2004) . One of the few European studies that analyze the distance to the next university is the work by Denzler and Wolter (2008) . Based on a Swiss data set, they explain the decision to become a teacher, which is linked to the decision to attend a specialized college of education and not a university offering a broad range of majors. Their estimation results show that the longer the distance to the next university, measured as the time needed to commute between an 4 individual's home town and the next university, the higher the probability of attending a college of education and not a university.
Apart from this, some economic studies use the distance to university as an exogenous variable in estimations of the decision for a particular university. Based on the US "High School and Beyond" dataset, Chau (2004) measures the effects of living near a "high-quality" college on the choice of college attended. He focuses on-what he calls-potential "spillover effects" of local universities, which he argues can have a defining effect on the surrounding community. He finds that the presence of a first-tier public university increases the quality of the college attended for low-income individuals by about 0.27 standard deviations. In the German context, Fabel et al. (2002) , for instance, show that the distance to a university with economics as a field of study has a significant effect on the decision to study economics there.
For Germany, similar results have also been found for student decisions to attend a particular university. In a descriptive analysis, Krawietz and Heine (2007) show that the proximity of a particular university to an individual's hometown is one of the most important factors explaining the decision to attend that university. However, this decision is not the one at the focus of the present paper: we are interested in the preceding decision, namely, the decision to study at all.
From an economic point of view, the relationship between distance to a university and participation in higher education can be explained with the "transaction cost argument". The larger the distance to a university, the higher the transaction costs of higher education. There might be direct financial costs, if students have to leave their parents' home or if they have to commute. There are search costs for a new place to live, moving costs, rental costs, costs of purchasing new furniture or other items for a new apartment. Furthermore there are indirect financial costs, such as forgone economies of scale associated with sharing the household within the family. There may also be emotional costs associated with leaving home. Some students might be reluctant to leave home because of their network of family and friends.
Even if they do leave home, they might want to visit their family and friends on a regular basis, which is linked to higher commuting costs with greater distance. 4 Apart from this classic explanation, there might be other costs related to distance. One might argue that students who live in or very close to a university town have lower information costs when seeking information on the decision to participate in higher education.
However, the explanation for the distance effect might lie not only in this transaction cost argument. The effect might be driven by something similar to a "neighbourhood effect" 5 .
Chau (2004) argues that the presence of a local university can generate "neighbourhood effects" or "spillover effects" that affect the behaviour and outcomes of the residents of that neighbourhood. Surrounded by a university environment, youths may grow up looking at university education as a natural goal. Apart from this "peer group effect," a "neighbourhood effect" might be explained by an "information network effect" (Chau 2004: 256) : a university´s student body and academic resources offer individuals information about university life that can influence their decisions. Thus, in principle, a distance effect might be explained by the "transaction cost argument" or a potential "neighbourhood effect". As described below, we try to separate these two effects. 
Empirical Framework
In order to estimate the effect of the distance to university on enrolment in higher education, we specify a discrete choice model with the distance to university at the time of obtaining university entrance exam as an explanatory variable. After high school, we observe individuals choosing different paths: some decide on employment without any further education; others choose vocational training; and the majority decide to enrol in higher education. Since many of these transitions, in particular the transition to university, are not observed immediately after leaving high school, we track individuals five years after completion of high school and estimate a discrete time hazard rate model in order to account for right-censored spells. We use a five-year period, first, since many men choose to start military or civil service before going to the university, and second, since a significant percentage of individuals who have passed their university entrance exams choose to complete some kind of vocational training first. Given this data structure, we end up with a discrete time hazard rate model with three independent competing risks, namely the transition to employment (A), to vocational training (B), or to university education (C). h t , i.e., a potential student's conditional probability of making a transition into state j (j = A, B, C) in period t, given that no transition has occurred until the beginning of that period, is specified by a multinomial logit: Second, we include dummy variables indicating three different categories of population density in the hometown, which allows us to control for potentially different behaviour of "urban" and "rural" citizens that are not driven by the mere distance to the next university. In addition, we also include a dummy variable indicating whether an individual has grown up in a university town, which we interact with the student population density in that town.
Controlling for this variable allows us to separate the transaction cost argument from peer or neighbourhood effects.
The survivor rate, S(t), which gives the unconditional probability of not having enrolled in higher education or vocational training or having started employment up to period t, can be written (ignoring person and time indices) as
assuming that competing risks are independent. In terms of the hazard rate and the survivor function, the probability of a transition into state j in period t is given by
Assuming that, conditional on x, all observations are independent, the sample likelihood function is given by
1, if individual makes a transition into state with 0, otherwise.
Hence, for a person with an observed transition in the observation period, the contribution to the likelihood function is given by the respective transition probability in equation (3), and for a censored spell, it is given by the survivor function in equation (2).
Data and descriptive results

Description of the data
The data used for this study come from the German Socio-Economic Panel (SOEP), a panel study that has been running for 25 years. 8 The SOEP is a representative sample of private households living in Germany that provides information on all household members above the age of 16. The sample underlying our analyses consists of individuals who reported that they had passed their university entry exams (Abitur) the year before or the year of the survey.
This is the population at risk for a transition to higher education. This subsample covers 1,223
respondents from the 1993 to 2006 waves. We could not include earlier waves as no information on the zip code of the respondents' place of residence was available for these earlier years (see Knies and Spiess 2007) . Furthermore, we drop all observations for which we cannot track the parents and thus lack information on parental income. This leaves us with a sample of 1,219 persons. Of these 1,219 persons with university entrance qualifications, the majority opt for further education: 653 (54%) choose to enrol in a university within a maximum of five years after having completed high school, and 380 (31%) choose vocational training. Sixty-seven (6%) transition into employment without further education and the remaining 119 (10%) observations are right-censored, i.e., we do not observe a transition into any of the three states during the observation period. 
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In order to obtain information on the precise distance to the next university at the time of the university-entrance degree, we match data from the German Rectors' Conference ("Hochschulrektorenkonrenz -HRK") containing the address of all universities in Germany to the individual data from the SOEP. The dataset of the German Rectors' Conference includes the address of all universities in Germany, including information on the type, sponsor, and year of opening (HRK 2007) . In total, there are 347 universities in Germany.
Two-hundred and thirty-three of them are public universities. Thirty-eight percent of these are universities in a stricter sense, 42% of them are universities of applied science ("Fachhochschulen"), and 20% are universities of the arts. There are 72 private universities, which are mainly universities of applied science (85%). Forty-two universities are churchbased, 29% of them are universities in a stricter sense, and 50% are universities of applied science (HRK 2007) . In this analysis, we concentrate solely on the distance to public universities (including universities of applied sciences). Furthermore, we exclude public universities of the arts. For all these universities, special rules apply to applications, and special tuition has to be paid. This might influence the decision for higher education as well, but in a different manner. Thus we argue that the distance to these universities is of minor importance for the overall decision to attend university or not. In addition, the proportion of private universities and universities of the arts is relatively small in comparison to the proportion of the public universities in Germany.
As is shown in the map in the Appendix, the places of residence of individuals with a university entrance exam are distributed across all of Germany. There are only a few regional clusters, which are related mainly to the higher population density around the major German cities: Berlin, the Cologne area, Hamburg, Frankfurt, Stuttgart, and Munich. The same is true for the locations of German universities, if all public universities are taken into account.
Based on these data sets and given our information on the respondent's zip code, we were able to calculate the distance to the nearest university for each respondent in our subsample.
We calculated three different types of distance: (1) The distance to the closest public university, (2) the distance to the closest public university of applied science, (3) the lesser of the two. These distances were calculated as distance between the centres of gravity of two zip code polygons. Thus for each zip code, first of all, the centres of gravity had to be determined. 9 All distance calculations were done using the geographical information system ArcGIS.
To disentangle the "transaction cost" hypothesis from the "neighbourhood effect hypothesis" as potential explanations for the distance effect, we further added external information on the student population density in those university towns where respondents live as a proxy for a potential "neighbourhood effect". We assume that the student population density is a proxy for the described "peer-group effect" or "information effect" in university towns. The more students per resident, the more peers they have around them and the more options for information about a university education. Based on information from the Federal Office for Building and Regional Planning (BBR, various years) we could match the number of students per 1,000 citizens in each university town to the individual SOEP data on the county level. Table 2 shows descriptive statistics on the explanatory variables. The average distance to university is 22 km for the observations in our sample (median: 17 km), and the average distance to the nearest university of applied sciences is 21 km (median: 17 km). The minimum distance to a university (or university of applied science) in our sample is found for residents living in the same zip code district (0 km), while the maximum distance is 95 km to the next university and 86 km to the next university of applied sciences.
Descriptive Statistics
About half of the sample consists of males, and almost three quarters of all observations hold the Abitur. This university entrance exam qualifies holders to attend a university, in contrast to the "Fachhochschulreife," which qualifies holders to attend a university of applied sciences. Another important variable in our analysis is the student population density, for which we find an average of 18 students per 1000 inhabitants.
A first descriptive look at the correlation between educational choice after high school and distance to next university (Table 3) shows that people living nearer to universities are more likely to choose to enrol in a university. For example, the mean distance to the next university is 24.3 kilometres among those who enter vocational education after high school, while it is only 20.6 kilometres among those who enrol in university education. In order to see whether we still find this effect when we control for many other characteristics that might be correlated with the distance, we now turn to the estimation results of the multivariate analysis. Table 4 shows the marginal effects of the discrete time hazard rate model of transitions to university. Coefficients are reported in the Appendix (Table A1 ). We find that the effect of distance to next university/university of applied sciences has a negative effect that is statistically significant at the 5 % level. The magnitude of the marginal effect is -0.002, which means that one additional kilometre of distance to the next university/university of applied sciences decreases the conditional transition probability by 0.2 percentage points.
The effects of other variables are, if significant, as expected as far as their sign is concerned.
Baseline dummies indicating period 1 and 2 ("d1" and "d2") are negative (although only d2 is significant). The interaction of the first baseline dummy with the "male" dummy is also negative and significant, suggesting that it takes longer time for males to enrol in higher education than for females. This can be explained with the military or civil service that many men choose to start before university. The variable indicating that a person has a more general university entrance exam (Abitur) instead of a diploma only permitting enrolment in universities of applied sciences is a very strong predictor of the transition to higher education:
it increases the transition probability by 20 percentage points. As expected and known from previous literature, two other important variables are mother's and father's education. If the mother or the father holds a university degree, this raises the hazard rate by 7 and 8 percentage points, respectively. Other parental control variables such as whether they have vocational training are not statistically significant. Also parents' income, their family status and the number of siblings are insignificant.
Among the variables indicating the region, we find that living in the southern states of Germany, such as Bavaria and Baden-Wuerttemberg, has a significant effect. Only for individuals in these two states are transition rates into higher education higher than in the reference category ("Midwest", i.e., North Rhine-Westphalia, Hesse, and RhinelandPalatinate). This finding corresponds with official statistics, showing that, although the number of persons holding a university entrance exam is relatively low in these two states, the share of high school graduates who choose to enrol in higher education is above the national average (Statistisches Bundesamt 2007). The two dummy variables indicating the size of the town at the time of high school graduation ("medium" or "large") are not significant. This suggests that apart from distance, the size of the city, which is correlated with the distinction in urban and rural areas, has no additional explanatory value in determining the transition to university. Finally, the student density variable is also not significant. We argue that this finding suggests that the distance to the next university plays a role not so much due to the neighbourhood argument but due to the transaction cost argument. It seems to be that the higher costs associated with moving or commuting explain why distance to university plays a major role in the transition to university. Source: Calculations based on estimations presented in Table A1 in the Appendix.
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The marginal effects presented in Table 4 are calculated at the sample mean of all other explanatory variables, including time elapsed to the observed transition. Since we are also interested in the effect of the distance on cumulative transition probabilities, we illustrate the effect of distance to the next university on the cumulative probability graphically in Figure 1 .
We calculate cumulated transition probabilities to higher education for three different values of minimum distance to next university/university of applied sciences: for 2.6 km, which corresponds to the 10th percentile of the distribution of the distance variable, for 12.7 km, corresponding to the median, and for 36.1 km, corresponding to the 90th percentile. The figure illustrates that the effect of distance is a bit stronger in the first periods after completing high school than in later years. One year after passing the university entrance exam, 28% of all individuals have chosen to enrol in higher education. Holding all other variables constant, individuals living 2.6 km away from the next university/university of applied sciences at the time of high school graduation have a 3 percentage point higher probability of enrolling in university than individuals living 12.7 km away. For those 10% of individuals who live 36.1 or more kilometres away from the next university at the time of high school graduation, the probability of entering higher education is 4 percentage points lower-keeping all other variables constant-than for individuals living 12.7 km away. After five years, on average 65% of all high school graduates with a university entrance exam have chosen to enrol in a university. At that time, the difference between the 10th and the 90th percentile of the distribution of the distance variable amounts to a difference in transition probabilities of 6 percentage points. In other words, a difference of roughly 33 km distance to the next university at the time of high school graduation leads to a 6 percentage point lower probability of having enrolled in higher education 5 years later.
The finding that the effect becomes slightly less important over time is also confirmed by another estimation. As a comparison to the estimation results presented above, we run an estimation on a data set that only considers the first transition after receiving a university entrance exam (i.e. ignoring the possibility that individuals who choose employment or vocational training first and then, after a couple of years, enrol in higher education). In this estimation, we find an even stronger effect for the distance to next university. As can be seen from Table A2b in the Appendix, the marginal effect of the distance variable in this model almost amounts to 0.3 percentage points for every additional kilometre of distance. Table A1 in the Appendix.
In the next step, we performed several alternative specifications as sensitivity checks. Since we have information on distance to next university and university of applied sciences and we know which type of higher education individuals choose, we estimate a model in which we split the transitions to higher education into two different risks, namely transitions to universities and transitions to universities of applied sciences. Coefficients and marginal effects of this estimation are reported in Tables A3a and A3b in the Appendix. We find that the distance to the next university still has a significant effect of very similar magnitude as in the first specification on the decision to enrol in a university education in general. The distance to the next university of applied sciences is insignificant, as we expected. However, we cannot find an effect of this variable on the decision to enrol in a university of applied sciences. This might be due to the small number of observations in this group: of the more than 650 individuals enrolling in higher education, we observe only 150 choosing universities of applied sciences.
Another sensitivity check is related to the potential problem of sample attrition. Table A4 in the Appendix shows, our sample does suffer from sample attrition, but the problem is not severe in terms of numbers of observations affected. Only 57 out of 1,219 observations leave the sample without transition before the end of the observation period. In order to check whether sample attrition is correlated with distance to next university and thus might bias our estimation results, we estimate a model in which we treat sample attrition as an additional independent risk. Results
show that the distance is not significant with respect to these "transitions" (see Tables A5a and A5b in the Appendix). Moreover, the marginal effects regarding the transition to higher education are not affected by including attrition as an independent risk. We therefore conclude that, while sample attrition is present in our sample to a small extent, it does not bias the estimated effect of distance to next university on the probability of enrolling in higher education.
variables. For example, we estimated a model in which the distance variable enters in linear and quadratic form. These two variables are jointly significant at the 10 percent level and the combined effect is of similar magnitude to that in the linear specification. Moreover, we estimated models with different specifications of the baseline hazard rate. A linear specification of the baseline hazard does not change the results of most variables, including the distance to the next university.
2006): we interacted the distance variable with the education of the parents and various income group variables. In contrast to Frenette (2004 and 2006) , however, we could not find any significant effects of these interaction variables. Thus it seems that the distance to university in Germany affects the transition to higher education not only for students from low-income families or families with lower educational backgrounds of the parents.
Estimation results of these alternative specifications can be obtained from the authors upon request.
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Conclusions
This study assesses the role of distance to university for the decision to higher education. To our knowledge, this is the first economic study for Germany taking regional indicators, such as distance, into account. Based on a representative micro-data set for Germany we can conclude that in addition to other well-known indicators, such as parental education and gender, distance does indeed matter. The size of this effect is greater the earlier the individual actually makes the transition to higher education. Moreover, this result is robust to different model specification and subsamples.
In other words, our results show that individuals living farther away are disadvantaged in accessing university. 11 Furthermore, it is mainly the distance to a university and not to a university of applied science that matters. Further research will be needed to show whether this effect is driven mainly by small sample sizes of individuals attending a university of applied sciences or if this effect is related to the greater regional density of these educational institutions. Our results show that a difference of 10 km in distance to the nearest university already explains a 2-3 percentage point difference in the probability of attending a university.
For those ten percent of individuals who live 36.1 or more km apart from the next university at the time of their high school degree, the probability of entering higher education is 4 percentage points lower than for individuals living 12.7 km away.
From a theoretical point of view, the distance effect might be explained by a "transaction cost argument" or a "neighbourhood argument" as well. To disentangle these effects, we control for student density in our empirical models as well. This variable should serve as a proxy for a potential effect of individuals wanting to keep up with others in their immediate neighbourhood in educational attainment. However, our estimation results give no empirical evidence for such an explanation. Instead, our results suggest that distance affects educational choices due to transaction costs.
From a policy point of view, our results imply that apart from the other well-known factors that determine who does or does not attend a university in Germany, regional factors should not be ignored. Since it is an official goal of the German federal government to increase the proportion of students up to 40%, which is an increase by about 3.4 percentage points (Bundesregierung 2008) , one might argue that politicians should also think about measures to reduce the transaction costs of students who have to study far away from home. For example, one political instrument could be an increase of housing-related financial aid to students ("Bafög Mietkostenzuschlag") or student loans. Another option to reduce transaction costs could be to increase public funding for the founding of new universities in regions with no universities yet. In Germany, this was the idea underlying a federal initiative in the late sixties and early seventies to found new universities in areas that previously had no university access.
Several universities were founded at this time in the Ruhr River region and Bavaria. However, the success of such measures depends on the question of whether additional capacity is filled by local students, especially if there is excess demand in other regions. Other policy options are to increase distance learning programmes or foundations of "Net-Universities". This strategy seems to have significantly increased enrolment rates in the late 1990s in Sweden (see OECD 2006).
Last but not least, further research on distance and regional indicators is needed to support our findings. One further improvement might be to measure distance not only in kilometres but particularly in commuting time and commuting costs. A study utilizing such data and producing similar results would strongly support the theoretical explanations we have proposed to explain our distance effect. Table A5a (above).
Endnotes
1 There are various studies in the field of sociology that show the same high correlation between parental background and participation in higher education (for instance, Blossfeld 1993, Müller and Haun 1994 or more recent studies by Becker 2000) . 2 However, there are studies in the field of development economics analysing distance effects as one influence among others on childrens` school enrolment (for a most recent study on this, see e.g., Vuri 2008) . 3 There are a few studies based on particular regions, such as the study by Andres and Looker (2001) , who focus on the distance to university in two Canadian provinces. Furthermore one might also refer to the literature on the availability of other infrastructural services, such as hospitals or libraries: see, for instance, Shannon et al. (1986) or McLafferty (1982) .
